Abstract We present the results of a cluster search in the Fermi -LAT Pass 8 γ-ray sky by means of the Minimum Spanning Tree algorithm, at energies higher than 10 GeV and at Galactic latitudes higher than 25
Introduction
The Fermi -Large Area Telescope (LAT) sky survey at γ-ray energies has shown that blazars constitute the largest class of extragalactic high energy sources (see, e.g., the review paper by . For this reason, since a few years the searches for new blazars based on multifrequency approaches have been very successful, providing new samples of blazars and candidates as, for example, WIBRaLS (D'Abrusco et al. 2014 ) and 1WHSP (Arsioli et al. 2015) . Campana et al. (2015, Paper I) applied successfully the Minimum Spanning Tree (hereafter MST) algorithm for searching new spatial clusters of γ rays which could be an indication for localized faint high energy sources. In particular, it was illustrated how MST is useful for finding clusters having a small number of photons, but likely related to pointlike sources.
In two other previous papers (Campana et al. 2016b ,a, hereafter Paper II and III) we reported samples of blazars and blazar candidates associated with photon clusters found by means of the MST algorithm. These sources were included in the 5th Edition of the Roma-BZCAT and in the 1WHSP sample.
In this paper we extend our MST analysis of the Fermi -LAT γ-ray sky at energies higher than 10 GeV, reporting the discovery of 30 new photon clusters not associated with known blazars but having interesting radio counterparts with blazar-like characteristics at angular distances lower than a few arcminutes. Some of them where already reported in recent samples of quasar candidates. Optical spectra are available from the Sloan Digital Sky Survey (SDSS, Alam et al. 2015) for four objects and only one from the 6dF survey (Jones et al. 2004 (Jones et al. , 2009 ), therefore for a better classification we considered the mid-infrared photometric colours from the WISE (Wide-field Infrared Survey Explorer, Wright et al. 2010 ) database according the criteria introduced by Massaro et al. (2011) and for the WIBRaLS sample D'Abrusco et al. (2012) . As in the previous papers, in this search we considered the Fermi-LAT Pass 8 sky for Galactic latitudes higher than |25
• |.
Photon cluster detection by means of the MST algorithm
The Minimum Spanning Tree (Campana et al. 2008 (Campana et al. , 2013 ) is a source-detection algorithm useful for searching clusters in a field of points. A brief description of MST was presented elsewhere (e.g. in Paper I), and therefore we provide here only a brief summary of this method. Consider a two-dimensional set of N nodes: one can define a set {λ i } of weighted edges connecting them. The MST is the unique tree (i.e. a graph without closed loops) that connects all the nodes with the minimum total weight, defined as min[Σ i λ i ]. For a set of points in a Cartesian frame, the edges are the lines joining the nodes and the weights are their lengths, while for a region on the celestial sphere the edge weights are the angular distances between pairs of photons.
Once the MST is computed, a set of subtrees corresponding to clusters of photons is extracted by means of a primary selection, consisting of: i) separation: remove all the edges having a length λ > Λ cut , the separation value, defined in units of the mean edge length Λ m = (Σ i λ i )/N , obtaining a set of disconnected subtrees; ii) elimination: remove all the sub-trees having a number of nodes n ≤ N cut , leaving only the clusters having a size over a fixed threshold. The remaining set of sub-trees provides a first list of candidate cluster and a secondary selection is applied to extract the most robust candidates for γ-ray sources. The suitable parameter for this selection (Campana et al. 2013) , also useful for evaluating the "goodness" of the accepted clusters, is the magnitude of the cluster:
where n k is the number of nodes in the cluster k and the clustering parameter g k is the ratio between Λ m and λ m,k , the mean length of the k-th cluster edges. The probability to obtain a given magnitude value combines that of selecting a cluster with n k nodes together with its "clumpiness", compared to the mean separation in the field. It was found that √ M is a good estimator of statistical significance of MST clusters. In particular, a lower threshold value of M around 15-20 would reject the large majority of spurious (low significance) clusters.
The cluster centroid coordinates are obtained by means of a weighted mean of the photons' coordinates (Campana et al. 2013) . If the cluster can be associated with a genuine pointlike γ-ray source, the radius of the circle centred at the centroid and containing the 50% of photons in the cluster, the median radius R m , should be smaller than or comparable to the 68% containment radius of instrumental Point Spread Function (PSF, see Ackermann et al. 2013 ).
The MST cluster populations
As reported in Papers II and III, Fermi -LAT data (Pass 8) above 10 GeV, covering the whole sky in the 7 years time range from the start of mission (2008 August 04) up to 2015 August 04, were downloaded from the FSSC archive 1 . Standard cuts on the zenith angle and data quality were applied.
We searched for cluster of γ photons by means of MST in the sky after the exclusion of the Galactic belt up to a latitude |b| ≤ 25
• to reduce the possibility of finding clusters originated by local high background fluctuations. Each of these two broad regions was then divided into ten smaller parts where MST was applied. Regions were selected with 2
• width overlapping strips along their boundaries to avoid missing clusters; in the case of multiple detections the cluster with the highest M was inserted in the sample. The parameters of primary selection of clusters were N cut = 4 and Λ cut = 0.7 Λ m ; then a secondary selection was applied with M > 20, that according to the results of Campana et al. (2013) gives a very low probability to select spurious clusters.
A sample of 919 clusters was obtained, of which 716 have a firm 3FGL counterpart. For 165 1FHL counterparts were found, five of which not in the 3FGL catalogue, From the residual sample of 198 clusters we then sorted out 16 clusters that were found associated with 1WHSP sources (Paper II), 35 other clusters very close to blazars in the 5BZCAT catalogue (Papers I and III), 5 corresponding to γ-ray sources in the recent 2FHL catalogue at energies higher than 50 GeV (The Fermi-LAT Collaboration 2015) and 1 corresponding to the GRB 130427A Ackermann et al. 2014) . Thus, the final sample contains 141 clusters not related to previously known γ-ray sources or blazars.
From the latter sample, a further subselection was made by applying the following criteria: i) M > 25, or ii) g > 3. Note that the latter criterium is particularly strong, because it selects clusters with a high photon concentration, as expected from point-like sources, while extended features or close cluster pairs are more efficiently rejected, as already discussed in Campana Table 1 New MST clusters at E > 10 GeV and their possible counterparts. Columns 2-7 report the MST parameters of the MST cluster, column 8 gives the J2000 positions in the AllWISE catalog and in column 9 the angular distance to the cluster centroid is given. et al. (2016a) . It should be noticed that, however, sources with g ≤ 3 have been shown to be sometimes significant. Then, the ASDC sky explorer tool 2 was used to search within a region of a radius of 6 , that in Campana et al. (2015) has been shown to be optimal for cross-matching, for radio sources from a large set of catalogues, including NVSS (Condon et al. 1998) , FIRST (White et al. 1997) , SUMSS 2.1 (Mauch et al. 2003) , PMN (Gregory et al. 1994) , and many others. We considered only sources with possible radio and optical counterparts and obtained a final list of 30 objects which could be considered for a deeper analysis to assess their likely status as blazar candidates. The optical counterparts of the radio sources have been searched using several databases accessible from the ASDC explorer tool, connected to V izier and thus including SDSS, USNO and COSMOS catalogues, and considering the uncertainty on the radio source location. All these sources had also a clear infrared counterpart in the AllWISE (Cutri et al. 2013 ) catalogue and the positional correspondence was verified in the images 3 . Table 1 reports the main MST parameters of these clusters and the coordinates of the corresponding possible counterparts in the AllWISE catalogue after the accurate verification in multiband IR images. When within the region of interest of some clusters more than one radio source was found, and when the selection of the best radio counterpart (also using literature data) was not safe, the note 'cnf' (possible confusion) is added.
MST
Several sources were already reported as blazar candidates in WIBRaLS (D'Abrusco et al. 2014 , marked as WBR in the following Table 2) or as QSO by Brescia et al. (2015, B15 in Table 2 ), or their flat radio spectrum was confirmed by low frequency data Massaro et al. (2014, M14 in Table 2 ); one is in the 1WHSP sample (1WH in Table 2 ), but not reported in Paper II because the cluster has 5 photons, lower than the minimum number considered in that paper. Only for one source we found a possible correspondence with a high energy source reported in the 3EG catalogue (Hartman et al. 1999 ), but up to now undetected in the Fermi sky.
T S evaluation from ML analysis
We performed also a standard unbinned likelihood analysis for each MST cluster. A Region of Interest (ROI) of 10
• radius was selected around the MST cluster centroid, and standard screening criteria were applied to 2 http://www.asdc.asi.it/ 3 http://irsa.ipac.caltech.edu/applications/wise/ the Fermi -LAT data above 3 GeV. The likelihood analysis was performed considering all the 3FGL sources within 20
• from the cluster centroid, as well as the Galactic and extragalactic diffuse emission. A further source with a power-law spectral distribution was assumed at the MST coordinates. The normalization and spectral index of all the 3FGL sources within the ROI was allowed to vary in the fitting, while the parameters of the sources between 10
• and 20
• from the center of the field of view were fixed to their catalogue values. From this analysis, we derived the likelihood Test Statistics (T S) and fluxes in the two 3-300 GeV and 10-300 GeV bands. These results are reported in Table 2 together with some other photometric and spectroscopic data, when available.
We found only five sources with √ T S < 5, but one (MST 0041−1608) is almost borderline ( √ T S = 4.96) and could be considered confirmed. Two of the remaining four clusters, MST 0310−1039 and MST 2245−1734, have √ T S > 4.5, that correspond to a detection significance above roughly 4.5 σ, therefore can be reasonably considered as safe (although lower than the conventional 5 σ threshold to be included in the FGL source catalogs), whereas the other two (MST 0201−4348 and MST 2037−3836), with ML significances of 3.5 and 2.3, respectively, are questionable and their actual detection will be discussed in detail the following section.
Properties of new blazar candidates
In Table 2 we reported in addition to ML significance and spectral data some other parameters of interest: the radio flux density at 1.4 GHz from NVSS or FIRST, optical magnitude in the F (photographic red band magnitude R from The Guide Star Catalog, Version 2.3.2 (GSC2.3, STScI, 2006), or r (from SDSS) bands and spectroscopic information or the redshift z, useful for the understanding of the main properties of these blazar candidates.
As apparent in Table 1 all sources have likely All-WISE counterparts and for 25 of them photometric data are given in the W 1 (13.4 µm), W 2 (4.6 µm) and W 3 (12 µm) bandpasses (Table 3 ). Further 13 of them are also detected in the W 4 (22 µm) filter. Massaro et al. (2013) investigated the nature of unidentified 2FGL sources in the two WISE colour plot by means of the Kernel Density Estimator replacing the constraint on the detection at 22 µm with the occurrence of an associated radio emission. Considering that our candidates are all detected in the radio band, we computed their two WISE colour plot that is shown in Figure 1 . No reddening correction was applied because at the Galactic latitudes of our sources its largest effect on the colours was of only a few hundredths of magnitude, lower than typical uncertainties. In this plane γ-ray blazars are essentially concentrated within the two coloured areas, defined in the figures reported in Massaro et al. (2013) , D'Abrusco et al. (2014), and Massaro and D'Abrusco (2016) : BL Lac objects are mainly concentrated in the blue area, while FSRQ are mostly found in the red one. In their data there is no definite boundary between BL Lac and FSRQ regions, and the given separation is only indicative. All our candidates have colours matching very well this locus, with a clear dominance for the BL Lac region; there is only one source (MST 1439−2524) just outside the region, but its distance from the boundary is within 1σ, not large enough to be significant. Note, in particular, the very close similarity between our plot and that given in Figure 2 of Massaro et al. (2013) .
For what concerns the 13 sources with also W 4 data, 5 of them, typically those with the highest signal to noise ratio, were also reported in WIBRaLS (Table 2) and therefore are located in the blazar locus in the 3 colour plot (D'Abrusco et al. 2014) . Three other sources lie also in the same region, whereas all the remaining 5 have uncertainties on W 4 of ≈0.4 mag and are compatible with the expected position within one standard deviation.
In the following we discuss the individual properties of the candidates.
Comments to individual selected counterparts to MST clusters

MST 0041−1608
This cluster with a bordeline ML significance has only a possible radio counterpart corresponding to a rather faint object for which few IR and optical photometric data are available. The colours are not in conflict with a possible blazar nature of this object.
MST 0059−3512
In the searching circle of this cluster there are four radio sources: the selected one is the brightest, whereas the other fainter radio sources do not have optical counterparts. It is reported in the RASS-6dFGS catalogue of X-ray selected AGN from the 6dF Galaxy Survey by Mahony et al. (2010) with a featureless spectrum characterized by a large blue excess. There is therefore evidence for considering it a HBL (High energy peaked BL Lac, Padovani and Giommi 1995) object. 
MST 0133−4533
Two very close optical galaxy-like objects of similar brightness correspond to the SUMSS radio source that has a bright counterpart in the RASS (Voges et al. 1999) . In the WISE two-colour plot it is close to the central line of the strip. This source is also reported by Mahony et al. (2010) and in 6dF, but its spectrum is not available. There is a strong possibility that one of the two objects could be a BL Lac, but a further spectroscopic investigation will be useful to confirm its nature.
MST 0135+0257
This object of galaxy type in SDSS was reported as the counterpart of the X rays source 1RXS J013506.7+025-558 by Mickaelian et al. (2006) and was indicated as QSO candidate by Brescia et al. (2015) . No optical spectral data are available. 
MST 0137+2247
The proposed counterpart is a flat spectrum radio source and blue starlike object in SDSS, classified as C class BL Lac object candidate by D'Abrusco et al.
(2014) and candidate QSO by Brescia et al. (2015) .
MST 0201−4348
This source is listed as blazar candidate in the 1WHSP catalogue and it is detected in the radio, IR and X-ray bands. The lack of optical spectroscopy does not allow a clear classification. ML analysis gives a significance for this cluster lower than the acceptance threshold and therefore we extended the MST analysis to the low energy ranges. It resulted that the cluster is found only above 10 GeV: a search at energies higher than 7 GeV gave a cluster at the same position, again with 5 photons but with a lower M value because of the shorter mean distance between photons; the same result was obtained at energies higher than 3 GeV, and no cluster resulted in the range 3-7 GeV. We can conclude that, considering its M value just above the threshold, it is possible that this cluster could be originated by a density fluctuation of the high energy background. However, the possibility that its emission can be detected only in this range cannot in principle be excluded.
MST 0207−2403
This flat spectrum radio source is in the CRATES and in the WIBRaLS catalogues. An optical spectrum by Titov et al. (2013) has a too low S/N ratio for a safe classification.
MST 0310−1039
Marginal flat spectrum radio source (α r ≈ −0.4) with an optical counterpart without spectral data. The 
MST cluster
AllWISE counterpart 
MST 0338−2850
There are four radio sources in the interesting field: two without optical counterparts, and another corresponding to a very faint object. More interesting appears the brightest radio source with a safe relatively bright optical counterpart and likely associated with the 2RXP J033900.0-284621 source (Flesch 2010 ) for which no Xray flux was found in the data archives. It presents an extended galaxy image and a very close fainter source not well resolved in the WISE images, but the colours place it close to the midline of the blazar area. No spectral data are available for a good classification.
MST 0350+0640
There are three radio sources within a 2 distance to cluster centroid and therefore the possibility of counterpart confusion cannot be excluded. All these three sources are reported in Table 2 . The radio source NVSS J035006+064209 (note a in Table 2 ) does not have an optical counterpart in POSS; there is a very faint source in AllWISE at an angular distance of 9. 6 from the radio position. The other source, NVSS J034957+064126 (note b in Table 2 ) has a clear optical-IR counterpart and was reported as a QSO or a BL Lac object be-cause of the nearby presence of the RASS source RX J0350.0+0640, reported as a photometrically variable with a featureless continuum source (Appenzeller et al. 1998) and therefore classified as a BL Lac object. It is also close to the galaxy cluster A0465. The XRT image confirms the presence of the very close source 1SXPS J034957.6+064126 (1st Swift-XRT Point Source catalogue, Evans et al. 2014) . Its WISE colours place it in the blazar region (see green point in Figure 1) . The third and brightest source, NVSS J035006+064107 (PMN J0350+0641, ATZ A073 in NED, note c in Table 2) has a steep radio spectrum (α r ≈ −0.7). No optical counterpart is detectable in POSS. NED reports the same note by Appenzeller et al. (1998) despite the radio to X-ray angular distance is about 1. 4 and no X-ray source is detected at its coordinates in the XRT image. The second source appears therefore to be the most likely counterpart.
MST 0350−5146
There are three SUMSS sources in the search region, of which only the closest one to the cluster centroid has optical-IR counterpart. This object was also reported by Mahony et al. (2010) in their RASS-6dFGS catalogue of X-ray selected AGN, but no spectroscopic data are available. It has a remarkably flat X-ray spectrum with an energy spectral index close to ≈ −0.25. This object was already reported as a possible BL Lac object in the early ROSAT associations (e.g. Schwope et al. 2000) but never confirmed by optical spectroscopy. The detection of a γ-ray counterpart suggests it as an HBL object.
MST 0359−0235
The only available data on this radio source are from optical and IR photometric catalogues and its possible blazar nature is indicated by WISE colours; optical spectroscopic data are necessary to support this identification.
MST 0703+6808
There are only photometric data from optical and IR surveys, the former ones suggesting a possible galaxy dominance, but in the WISE colour plot it is close to the midline of the BL Lac region. The radio source is reported in the LORCAT catalogue because its low-frequency radio spectral index is 0.21. There are two other fainter NVSS radio sources within a radius of ∼ 4 that could be associated with galaxies. More data are necessary for a safe classification. Table 2 ), suggesting that this object can be highly variable. Two featureless spectra in SDSS database support its classification as a BL Lac object.
MST 1020+0510
There are several FIRST radio sources in the searching region of this cluster, but only three of them (whose data are reported in Table 2 ) have rather safe optical counterparts whereas none of them corresponds to known X-ray sources. The source SDSS J101948.24+051328.8 (note d in Table 2 ) has the flux density of 9.5 mJy in FIRST and a featureless SDSS spectrum but a rather high colour index u − r = 1.7. Its WISE colours are uncertain because of a possible confusion with a close starlike object, but lie quite well within the BL Lac region. It appears in the QSO candidate lists by D'Abrusco et al. (2009) and Brescia et al. (2015) . The possible optical counterpart SDSS J102011.76+050636.1 (note e in Table 2 ) of the this FIRST radio source (the offset in the position is ≈3 ) is a starlike object with a large u−r = 2.9, without any indication of a blazar appearence. The source SDSS J102015.12+050910.5 (note f in Table 2 ) has a radio flux density of 10 mJy and corresponds to a rather faint and red galaxy with a large Ca H&K break and a well apparent broad Hα line. WISE photometry of the latter two sources gives only upper limits in the W 3 band. The association of the γ-ray emission to one of these three objects remains quite unsafe.
MST 1405−1853
There is only a NVSS radio source inside the searching radius of 6 . It has a point-like optical counterpart having all the three WISE colours (W 1 − W 2 = 0.86 ± 0.05, W 2 − W 3 = 2.19 ± 0.16, W 3 − W 4 = 2.37 ± 0.44) compatible with a BL Lac classification according to the WRIBRaLS criteria (D'Abrusco et al. 2014) . It appears, therefore, to be a quite good candidate for an HBL object.
MST 1410+1438
Very close to the cluster centroid there is a compact radio source with the highest flux density in our sample and a bordeline [1.4-4.85] GHz spectral index close to −0.5, but flatter at lower frequencies. The optical counterpart is one of a couple of galaxies at the same z = 0.144 and at an angular distance of ≈30 (see Figure 2, left panel) . It has a low Ca H&K break ratio (≈0.15), an emission Hα line and the SDSS r is equal to 16.7 mag. It is reported as a C class γ-ray BL Lac object candidate in WIBRaLS. According to the 5BZCAT criteria it could be classified as a galaxy-dominated blazar.
MST 1427−1823
The optical counterpart to the unique radio source in the field is a point-like object with WISE colours suggesting a blazar candidate (see Figure 2, central panel) . Optical spectroscopy is necessary to confirm this classification.
MST 1431−3122
It is the cluster with the highest photon number in the sample. The PKS and CRATES radio source here indicated as possible counterpart was proposed as B class BL Lac and γ-ray source candidate in WIBRaLS. It is also detected in the RASS. The 6dF spectrum is apparently featureless with a possible emission line at the blue end that, if due to Civ, would imply a redshift z = 1.632. At an angular distance of 1. 6 there is also a SUMSS21 source with a flux density of 25 mJy, a very faint optical counterpart and a corresponding WISE source.
MST 1439−2524
The optical counterpart to the NVSS source is at a few arcseconds from a brigther star and the only available data are photometry from general surveys. The WISE colours are close to the blazar area and particularly W 2 − W 3 is the lowest in all the sample not far from the region of galaxies (orange point in Figure 1 ). These poor data does not allow to safely establish its nature and whether it is or not the conterpart to the γ-ray cluster and the possibility of a chance association cannot be excluded.
MST 1503+1651
Six radio sources are within the searching circle of this cluster, and only the selected one has an optical conterpart. WISE colours (W 1 − W 2 = 0.79 ± 0.05, W 2 − W 3 = 2.45 ± 0.21) locate this object near the centre of the blazar region. It is in the list of QSO candidatates in WIBRaLS, while the SDSS spectrum with a featureless blue continuum strongly supports the HBL classification.
MST 1514−0949
The are some peculiarities on this cluster: it has the lowest g values in the sample but it is curiously associated with the highest √ T S. An analysis with Λ cut = 0.6 Λ m found again a significant cluster of 8 photons with g = 3.508 at the same coordinates. It should be considered that this cluster is close to the bright source 3FGL J1512.8−0906 (∆θ = 0.
• 86), associated with the FSRQ PKS 1510-08 (Abdo et al. 2010c), well found in our analysis with n = 278 and M = 1997, and even closer to 3FGL J1513.1-1014 (∆θ = 0.
• 56). False colour count maps at different energies are shown in Figure 3 : a point-like object can be easily seen above 3 GeV (central panel), and it appears clearly separated from the much brighter near source and with a brightness comparable to that of the two 3FGL sources close to the North boundary of the image.
The possible counterpart is a rather strong radio source with a spectrum from archive data that is steep up to about 1 GHz and turns to flat at higher frequencies; it is in the CRATES catalogue and in the microwave range it is bright enough to be reported in the Planck catalogue with flux densities at 143 and 217 GHz of ∼200 mJy. In the POSS images it is at about 8 from a much brighter starlike object (R ≈ 16) while that corresponding to the radio source is brighter at WISE wavelengths. Photometric data are available in all the four WISE bands and the colours place within the upper part of the blazar locus where are both BL objects and flat spectrum radio quasars. Its blazar nature should be considered safe but an optical spectrum will be useful for establishing the right type.
MST 1546−1002
This flat spectrum radio source is reported in the CRATES and LORCAT catalogues. Its NVSS position corresponds to the fainter object of a pair with a separation of a few arseconds. These objects appears unresolved in the WISE images and a contamination in the photometric data cannot be excluded. In any case their colours are well placed within the blazar region (blue circle in Figure 1 ). More data will be useful for understanding their nature and to confirm the association with the γ-ray cluster.
MST 1547−1531
A close pair of objects with similar brightness appear in the SDSS image at the NVSS position of this weak radio source (Figure 2, right has a redder color index u − r = 1.74. In the WISE images these two close objects are unresolved and therefore it is not possible to determine their individual colours, but it is interesting that their corresponding point is close to the center of the BL Lac region (open blue square in Figure 1 ). The bluer object appears as a QSO candidate in Brescia et al. (2015) and should be considered as the primary target for a blazar search.
MST 1605−1142
This source was already reported in the literature as a possible counterpart of a 3EG γ-ray source (Tornikoski et al. 2002; Sowards-Emmerd et al. 2004 ) and was included in the CGRaBs list (Healey et al. 2008 ) but it is not present in all the Fermi-LAT catalogues. It is also in the LORCAT catalogue and in the WIBRaLS samples. No optical spectrum is published. Our finding of a cluster compatible with its position supports the blazar nature of this source.
MST 1640+0640
Very few literature data are available on this radio source. It is reported in the Atlas of Radio/X-ray associations (ARXA, Flesch 2010) with a high probability of being a QSO. In the two WISE colours plot it lies inside the blazar region.
MST 1643+3317
Five radio sources are in the search radius of this cluster. Two of them, both having a radio flux density of ∼3 mJy, are "empty field", i.e. without optical counterpart. The likely optical counterparts of two other sources, with radio flux densities of ∼10 and 20 mJy, are two similar faint red galaxies, with SDSS photometry of r = 20.5 mag (redshift z = 0.608), and r = 20.6 mag (redshift z = 0.608). More interesting is the counterpart of the brightest radio source (possibly with two/three components in FIRST) and associated with 1RXS J164339.1+331644, already considered a candidate QSO (Brinkmann et al. 1997; Brescia et al. 2015) In the WISE database only the W 1 − W 2 = 0.44 colour is available and its nature is not well known because of the lack of an optical spectrum. On the basis of these data no object exhibits clear blazar properties, and the actual counterpart of the γ-ray cluster remain uncertain.
MST 1716+2307
The ML analysis confirmed the existence of a γ-ray source with the high √ T S = 9.7. False colour count maps at different energies are shown in Figure 4 : a point-like object can be easily seen above 3 GeV (central and right panel), while it can be confused with the background at energies higher than 100 MeV (left panel). It appears therefore safely established without any possibility of confusion with other sources. There are two weak radio sources within the matching radius and one of them, at the angular distance of 2. 8, has a very red and faint (r > 22) SDSS counterpart, while that of the other radio source is a blue object (SDSS J171603.22+230822.8) with a star-like appearance and u − r = 0.87 similar to other γ-ray loud HBL objects . It was associated with an Xray source in the ARXA (Flesch 2010) and reported as QSO candidate by Brescia et al. (2015) . No optical spectroscopy is available.
MST 2037−3836
This cluster is located at a longitude close to that of the Galactic Centre in a region with a relatively high background. ML analysis gave for this cluster a significance well below the acceptance threshold ( √ T S = 2.3). MST searches at 8 and 5 GeV extracted a cluster with n = 5 but with magnitude values lower than 20, while at 3 and 20 GeV no cluster was found. The cluster detection is therefore unstable and depends on the considered region. Considering the higher background with respect to other sky regions, the probability that this marginal cluster could be originated by a density fluctuation (the presence of only one photon is critical for its selection) is not negligible. In addition, WISE photometric data of the proposed counterpart are uncertain because it is close to a much brighter star and is poorly resolved in the IR images.
MST 2245−1734
There are three NVSS sources within the searching radius, two of them having a radio flux density of a few mJy without optical counterparts, while the brightest has a faint possible counterpart reported as candidate QSO by Brescia et al. (2015) . Its WISE colours are rightly located inside the blazar region. It appers therefore as a good candidate for a HBL object.
Light curves and variability
Blazars are variable objects and therefore, for the seven clusters for which we derived a flux higher than 10 −10 photons cm −2 s −1 in the energy band 3-300 GeV, we extracted light curves by means of standard aperture photometry 4 , with an extraction radius of 1 • . For the source MST 1514−0949 (Section 5.1.22), due to the possible contamination from the nearby sources PKS 1510-08 and 3FGL J1513.1-1014, the extraction radius was reduced to 0.
• 25. Light curves with a 6-months binning and in the 3-300 and 10-300 GeV bands for these clusters are shown in Figures 5 and 6 .
For some sources there is a hint of variability, especially in the 3-10 GeV band, on months to years timescales. For example, MST 0137+2247 showed a flux increase around MJD 56600-57000, and for MST 1514−0949 there is evidence of a single, bright flare around MJD 57000. The possibility of contamination from the nearby PKS 1510-08 was excluded by extracting and comparing a light curve for the latter source with a narrow 0.
• 5 radius.
Summary and discussion
We analysed the first 7 years of Fermi -LAT sky at energies higher than 10 GeV by means of the MST algorithm, allowing a robust detection of photon clusters having typical sizes comparable with the instrumental point spread function. In the selection procedure we adopted rather severe threshold values to reduce the possibility of spurious detections due to local background fluctuations.
In the present paper we report 30 new clusters, 26 of them were fully confirmed by the ML analysis that gave √ T S higher than 5; for two clusters we obtained values higher than 4.5, while the remaining two have too low T S to be considered as confirmed. Fig. 4 False colour count maps in equatorial coordinates at energies higher than 10 GeV (left panel), 3 GeV (center panel) and 100 MeV (right panel) of the sky region centred at the cluster MST J1716+2307 (green circle). The radius of the considered region is 10
• . White crosses indicate the positions of 3FGL sources. See Section 5.1.28 for details. MST 1514-0949
3 GeV 10 GeV Fig. 6 Aperture photometry light curves, in the 3-300 and 10-300 GeV bands, extracted with a 0.
• 25 radius around the cluster MST 1514−0949. See text for details.
were also associated with blazar candidates selected on the basis of radio and optical detections. For few of them 6dF and SDSS spectra are available, while some sources appear to be low redshift radio galaxies. The nature of the other sources must be confirmed by new spectroscopic observations.
The blazar nature of our candidates is also supported by their WISE two-colour plot, in which all selected sources are in the blazar region, with a clear dominance for that of BL Lacs. It appears quite unlikely that radio sources, with likely counterparts in the high energy γ-rays, exhibit mid-IR colours typical of BL Lacs and do not belong to this class of AGNs. These researches extend the knowledge on the BL Lac population in two directions: one is towards low brightness sources and the other is concerning the existence of a subclass of BL Lacs too faint in radio band to be detected in the available surveys. We think that a systematic search for some possible counterparts of γ-ray clusters with M values lower than the threshold considered here and based on a multifrequency approach, particularly in the mid IR band, could be useful to enrich these studies with new observational results.
Considering the results of Papers I, II, and III, together with those of the present work, to now we have found evidence for 90 blazar or candidate selected for their emission above 10 GeV detected by means of MST cluster search. We remark, however, that these discoveries are due not only to our clustering method but mainly to the improvement of instrumental response functions used for producing the Pass 8 sky and to about double exposure duration with respect to that considered at the epoch of 3FGL catalogue. 
